Objective To examine mediating processes linking parental involvement to diabetes management (adherence and metabolic control) during adolescence. Methods A total of 252 young adolescents (M age ¼ 12.49 years, SD ¼ 1.53, 53.6% females) with type 1 diabetes reported their parents' involvement in diabetes management (relationship quality, monitoring, and behavioral involvement), their own externalizing and internalizing behaviors, diabetes-self efficacy, and adherence behaviors. HbA1c was drawn from medical records. Results SEM analyses indicated that the associations of mothers' and fathers' relationship quality with diabetes outcomes were mediated by adolescents' perceptions of self-efficacy and externalizing behaviors, and the associations of fathers' monitoring and behavioral involvement with adherence were partially mediated by adolescents' self-efficacy. There were also direct (non-mediated) associations between mothers' monitoring and adherence, and fathers' monitoring and adherence and metabolic control. Conclusions Quality of the parent-adolescent relationship and monitoring are important for better adherence and metabolic control among adolescents through higher diabetes self-efficacy.
Optimal diabetes management during adolescence involves sustained levels of parental involvement across this time (Anderson, Ho, Brackett, Finkelstein, & Laffel, 1997; Wysocki et al., 1996) . Both adherence and metabolic control are enhanced when parents are involved with their adolescent through a high quality relationship (Miller-Johnson et al., 1994) , actively monitoring their adolescents' behavior (Berg et al., 2008; Ellis et al., 2007) and behavioral management in diabetes tasks (Wysocki et al., 1996) . Although parental involvement is beneficial for diabetes management, we know very little about the process whereby it is linked with diabetes outcomes and whether this process is similar for mothers' versus fathers' involvement. In the present study we examined how young adolescents' perspectives of three facets of parental involvement (relationship quality, monitoring, and behavioral involvement) related to better adherence and metabolic control and tested the mediating role of adolescents' perceptions of diabetes self efficacy and internalizing (i.e., withdrawn, anxiety, depressive, and somatic complaints) and externalizing (i.e., rule-breaking and aggression) behaviors.
Consistent with developmental considerations of parental involvement (Beveridge & Berg, 2007; Dishion & McMahon, 1998) , analyses based on the same dataset for the present study demonstrated that young adolescents' perspectives of both maternal and paternal involvement were comprised of three interrelated latent factors (Palmer et al., in press ): relationship quality, monitoring, and behavioral involvement. Each of these facets of parental involvement has been associated with diabetes outcomes. High-quality relationships characterized by acceptance from parents facilitate better adherence and metabolic control (Miller-Johnson et al., 1994; Skinner, John, & Hampson, 2000) . Parental monitoring, consisting of regular contact with adolescents regarding their daily activities and knowledge about those activities (Dishion & McMahon, 1998) , has been linked to better adherence and metabolic control (Berg et al., 2008; Ellis et al., 2007) . Behavioral involvement (e.g., daily assistance regarding diabetes activities) has also been associated with better diabetes management (Anderson et al., 1997; Wysocki et al., 1996) . The current study extends our prior work by examining the mechanisms linking parental involvement to adherence and metabolic control.
Parental involvement may affect adherence and, in turn, metabolic control by reducing risk factors in the young adolescent (Beveridge & Berg, 2007) . This may be particularly true in young adolescents as they become more independently responsible for their diabetes management (Palmer et al., 2009 ) and spend more time away from home (Larson & Richards, 1991) . In the diabetes literature, high quality relationships are associated with an array of positive adolescent processes including reduced risk of externalizing and internalizing behaviors (Paley, Conger, & Gordon, 2000) . Studies from the developmental literature reveal high quality parent-adolescent relationships are associated with lower internalizing behaviors (Beveridge & Berg, 2007) and lower internalizing behaviors predict better adherence in young adolescents with diabetes (Korbel, Wiebe, Berg, & Palmer, 2007) . Parental monitoring of general adolescent behaviors (e.g., knowing who your child's friends are) may reduce risky behaviors such as externalizing behaviors, which can indirectly affect positive diabetes outcomes (Horton, Berg, & Wiebe, 2009) . Monitoring of adolescents' behavior may also have a more direct effect on positive diabetes management outcomes by restricting adolescents' behavior so that metabolic control is improved (e.g., restricting adolescents from eating at fast food restaurants with friends because of their poor food choices). Finally, behavioral involvement may promote good metabolic control by increasing adolescents' adherence to self-care tasks (Anderson et al., 1997; Palmer et al., 2009; Wysocki et al., 1996) .
Parental involvement may also promote adherence and good metabolic control by fostering protective factors such as self-efficacy, which is especially important as young adolescents increasingly find themselves in problematic settings away from their parents (Beveridge, Berg, Wiebe, & Palmer, 2006) . Parents are thought to play an important role in the development of their children's self-efficacy, with self-efficacy being highest when parents support their autonomy and are involved in their daily lives (Pomerantz and Eaton, 2001) . A high quality relationship characterized by acceptance, independence encouragement, and open communication may promote positive self-efficacy, which in turn may lead to adaptive behavior (Bandura, 1997; Bong, 2008) . In support of this idea, self-efficacy for diabetes management mediated the relationship between support of family and friends and better regimen adherence in adolescents with diabetes (Skinner et al., 2000) .
Parental involvement has typically been examined in the context of the mother-child relationship, with fathers thought to serve largely a supportive role to mothers' efforts (Quittner & DeGirolamo, 1998) . Nevertheless, paternal influences have particular significance during the transition from childhood to adolescence (Gavin & Wysocki, 2006; Schulman & Seiffge-Krenke, 1997) and adolescents are at highest risk when mothers and fathers are both involved at low levels (Wysocki et al., 2009 ). In our own work examining mothers' and fathers' involvement simultaneously, fathers' monitoring was uniquely related to diabetes outcomes, particularly when fathers displayed low levels of monitoring (Berg et al., 2008) .
In the present study, we examined whether relationship quality, monitoring, and behavioral involvement were associated with adherence and metabolic control by reducing externalizing and internalizing behaviors and promoting self-efficacy. Through structural equation modeling (SEM) of young adolescents' perceptions of mothers' and fathers' involvement we examined possible indirect and direct pathways between parental involvement and metabolic control through risk and protective factors. We predicted that both relationship quality and monitoring would predict higher adherence and lower HbA1c by reducing risk (externalizing and internalizing) and bolstering self-efficacy. However, our previous work indicates that relationship quality and monitoring are related (Palmer et al., in press) and may not uniquely affect diabetes outcomes when examined together.
Methods Participants
Participants included 252 young adolescents (M age ¼ 12.49 years, SD ¼ 1.53, 53.6% females) diagnosed with type 1 diabetes mellitus, their mothers (M age ¼ 39.64 years, SD ¼ 6.34) and 188 fathers (M age ¼ 42.08 years, SD ¼ 6.32) recruited from a university/private partnership (76%) and a communitybased private practice (24%), that followed similar treatment and clinic procedures. Eligibility criteria included that young adolescents were between 10 and 14 years of age, had diabetes more than 1 year (M ¼ 4.13 years, SD ¼ 3), and were able to read and write either English or Spanish. For each adolescent, one mother and one father were eligible to participate. Adolescents were required to be living with their participating mother.
Step-mothers or adoptive mothers (3.2%) were eligible if they had lived with the adolescent for at least 1 year. If both a biological father and a step-father or adoptive father were eligible for participation, we recruited the father that adolescents reported was most involved in their diabetes management (74.6% of fathers were biological). Families were largely Caucasian (94%) and middle class with most (73%) reporting household incomes averaging $50,000 or more annually, 51% of mothers and 58% of fathers reporting education levels of associate's (2-year college) degrees or beyond, and an average Hollingshead Index value of 42.04, indicating an average medium business, minor professional, technical status.
Of the qualifying individuals approached, 66% agreed to participate in the study, the first wave of a 3-year longitudinal study (most common reasons for refusal included distance of commute 18%, too busy 21%, not interested 30%, uncomfortable with being studied 14%, and time commitment 5%). Comparisons of eligible adolescents who participated versus those who did not indicated that participants versus non-participants were older (12.5 vs. 11.6 years, t (367) ¼ 6. 
Procedure
The study was approved by the appropriate Institutional Review Board, with parents providing informed consent and adolescents written assent to participate. At their diabetes clinics participants received questionnaires to be completed individually prior to a laboratory appointment where they completed additional questionnaires. The measures reported here are a subset of those included in the larger study. The present study uses our prior work examining measurement models for parental involvement (Palmer et al., in press ) as the basis for our modeling.
Measures
Descriptive statistics for all measures for the current study can be found in Table I .
Parental Involvement
Relationship Quality Three scales measured the latent construct of relationship quality. This included two subscales from the MotherFather-Peer Scale (MFP) from Epstein (1983) measuring acceptance and independence encouragement. The acceptance scale consisted of five items assessing the adolescent's perception of the degree to which the parent communicated love, acceptance, and appreciation of the child ranging from 1 ¼ strongly disagree to 5 ¼ strongly agree. An average score was obtained. The current sample demonstrated good internal consistency (a for adolescents' reports on mothers ¼ .73, a for adolescents' reports on fathers ¼ .83). The independence encouragement scale consisted of seven items assessing the degree to which adolescents believed their parents promoted and encouraged their independence ranging from 1 ¼ strongly disagree to 5 ¼ strongly agree. An average score was obtained. The current sample demonstrated good internal consistency (a for adolescents' reports on mothers ¼ .79, a for reports on fathers ¼ .87). Finally, the communication subscale of the Inventory of Parent and Peer Attachment from Armsden and Greenberg (1987) consisted of five items assessing communication with parents ranging from 1 ¼ almost never or never true to 5 ¼ almost always or always true. Reverse scoring was used for three items prior to an average score being computed; reliability was adequate (a for adolescents' reports on mothers ¼ .64, a for fathers ¼ .69).
Monitoring
Two subscales measured the latent construct of monitoring. Five items assessed adolescents' perceptions of their parents' general knowledge of their daily activities (Barber, 1996) , ranging from 1 ¼ doesn't know and 5 ¼ knows everything. An average score was computed. The current sample demonstrated excellent reliability (a for adolescents' reports on mothers ¼ .80, a for reports on fathers ¼ .85). Five additional items captured adolescents' perceptions of their parents' knowledge of diabetes care behaviors (Berg et al., 2008) , with responses ranging from 1 ¼ doesn't know to 5 ¼ knows everything. An average score was computed (a for adolescents' reports on mothers ¼ .90, a for reports on fathers ¼ .91). 1. Acceptance (M) 
Internalizing and Externalizing Behavior
Young adolescents' internalizing and externalizing behaviors were assessed using the Youth Self-Report (YSR, Achenbach, 1991) . Adolescents responded to 31 items assessing internalizing behaviors (involving scales of withdrawn, anxiety and depression, and somatic complaints; a ¼ .91) and 32 items assessing externalizing behaviors (e.g., comprised of the sum of two subscales, rule-breaking and aggressive behavior a ¼ .88) on a scale from 0 ¼ not true to 2 ¼ very true. We used raw scores rather than T-scores, as recommended by Drotar, Stein and Perrin (1995) when individuals are in the normal rather than the clinical range.
Metabolic Control
Adolescents' glycosylated hemoglobin (HbA1c) levels were obtained (lower scores reflect better control) using the Bayer DCA2000 by clinic staff. HbA1c values were collected on average 12.42 days before the laboratory visit (SD ¼ 8.25, range 0-44 days). HbA1c and other illness information were gathered through medical records.
Adherence
Adolescents completed a 16-item Self Care Inventory (adapted from La Greca et al., 1995) to assess adherence to the diabetes regimen over the preceding month (1 ¼ never to 5 ¼ always did this as recommended without fail). Items were updated and two items were added with the assistance of a certified diabetes educator to reflect the current focus on carbohydrate counting and adjusting insulin. Average scores across items were computed. Scores on this scale have good internal consistency (a ¼ .85 in our sample) and correlate well with more time-intensive interview methods for measuring adherence (La Greca et al., 1995) .
Statistical Analyses
Data were analyzed using SEM performed in EQS, version 6.1 (Bentler, 2005) . The goal of the analyses was to develop a model linking parental involvement to diabetes outcomes through a set of psychosocial mediators. Based on our previous work from the current sample (Palmer et al., in press) , parental involvement was modeled as three separate, but related latent factors: (1) relationship quality (comprised of acceptance, independence encouragement, and communication), (2) monitoring (comprised of general and diabetes-specific monitoring), and (3) behavioral involvement (comprised of frequency of help and intrusive support). Adolescents' reports of mothers' and fathers' involvement were analyzed separately, as we were interested in the overall effects for each as opposed to a couple-effect that would be produced if run together. For both maternal and paternal involvement, we began by testing a full mediation model, in which the latent factors of parental involvement had indirect effects on adherence and metabolic control through three mediators: externalizing behavior, internalizing behavior, and selfefficacy. We then tested a partial mediation model, allowing the latent factors of parental involvement to have direct effects on adherence and metabolic control, in addition to the indirect effects through the three mediating variables.
To determine the significance of indirect effects, we used bootstrapped standard errors. The fit of each model was evaluated using commonly accepted goodness of fit indices that are believed to function acceptably for this sample size (Hu & Bentler, 1998; Marsh, Balla, & MacDonald, 1988) . We compared the full versus partial mediation models using the Satorra-Bentler scaled w 2 difference test, and selected the better fitting model as our final model. Prior to the SEM analyses, data were screened for missing values and departures from normality. A mean (item) replacement strategy was used when individuals were missing less than 20% of the items for a particular scale (M % per participant ¼ 0.2, number of values replaced across all scales ¼ 16). We detected significant multivariate non-normality in the data for the maternal and paternal SEM analyses (Mardia's normalized estimates > 5.00, see Bentler, 2005) . Therefore, for each SEM model, we report robust results that have been corrected for non-normality (Bentler & Dijkstra, 1985; Byrne, 2006; Satorra & Bentler, 1988) .
Results

Maternal Involvement Analyses
We began by testing a full mediation model, allowing the three maternal involvement latent factors (relationship quality, monitoring, and behavioral involvement) to influence adherence and metabolic control indirectly, through three mediators: externalizing behavior, internalizing behavior, and diabetes self-efficacy. Results indicated that this model was not a good fit to the data (w 2 S-B [37, n ¼ 236] ¼ 91.76, p < .01; CFI ¼ .892; RMSEA ¼ .079). Next, we estimated a partial mediation model, allowing maternal involvement to have both direct and indirect effects on diabetes outcomes. In contrast to the full mediation model, the partial mediation model allowed for the possibility that the three mediators would not fully account for the associations between maternal involvement and diabetes outcomes. The partial mediation model was a good fit to the data (w In contrast, the association of maternal monitoring with diabetes outcomes did not appear to occur through any of the hypothesized mediators. The final maternal involvement model explained 12.3% of the variance in externalizing behavior, 17.9% of the variance in internalizing behavior, 17.5% of the variance in diabetes self-efficacy, 37.6% of the variance in adherence, and 13.9% of the variance in metabolic control (HbA1c).
Paternal Involvement Analyses
A second, parallel set of analyses were conducted to examine the associations between adolescents' reports of fathers' involvement and diabetes outcomes. Figure 2 , presented with standardized coefficients and non-significant parameters removed). Consistent with the model for mothers' involvement (Figure 2 ), high paternal relationship quality was directly associated with each of the hypothesized mediators (lower externalizing and internalizing behaviors, higher selfefficacy) and indirectly associated with better adherence through higher self-efficacy (p < .05) and lower (i.e. better) HbA1c through lower externalizing behaviors (p < .05). In contrast to mothers, paternal monitoring was associated with higher diabetes self-efficacy and directly associated with lower HbA1c (p < .05). Paternal behavioral involvement was associated with lower diabetes self-efficacy and indirectly associated with lower adherence through self-efficacy beliefs (p < .05). The final paternal involvement model accounted for 9.7% of the variance in externalizing behavior, 14.3% of the variance in internalizing behavior, 22.1% of the variance in diabetes self-efficacy, 27.4% of the variance in adherence, and 16.6% of the variance in metabolic control (HbA1c).
Discussion
Parental involvement in the form of a high quality parentadolescent relationship was indirectly associated with better adherence and metabolic control through lower externalizing behaviors and higher self-efficacy. Parental monitoring had more direct associations with adherence (for both maternal and paternal monitoring) and metabolic control (only for paternal monitoring). These results add to the literature on parental involvement and diabetes by demonstrating the unique contribution of components of parental involvement and the processes whereby these components are associated with better adherence and metabolic control. Consistent with the broader developmental literature (Beveridge & Berg, 2007) , a high quality parent-adolescent relationship was associated with risk and protective factors, with lower externalizing behaviors related directly to better metabolic control and high self-efficacy associated with better adherence and, indirectly, with HbA1c (through adherence). A high quality parent-adolescent relationship (warmth and acceptance, high communication, and encouraging independence) is important for diabetes management during adolescence and may serve as a basis for other facets of parental involvement such as monitoring to develop (Kerns, Aspelmeier, Gentzler, & Grabill, 2001) . Although a high quality relationship with both mothers and fathers was associated with lower internalizing behaviors, internalizing behaviors were not associated with adherence or with metabolic control when externalizing and self-efficacy were controlled. These results suggest that when controlling for the shared variance between internalizing and externalizing behaviors, externalizing behaviors may be most predictive of poor metabolic control.
Self-efficacy for diabetes management appeared to be an important mediator of the association between relationship quality and diabetes management. Although a high quality relationship was associated with both lower externalizing behaviors and higher self-efficacy, only self-efficacy was associated with better metabolic control through adherence. The pathway from higher diabetes self-efficacy to greater adherence and lower HbA1c is consistent with daily diary work linking daily self-efficacy to adherence and blood glucose control (Fortenberry, Butler, Butner, Berg, Upchurch, & Wiebe, 2009) . Furthermore, this pathway is consistent with the social-cognitive theory underlying self-efficacy (e.g., Iannotti et al., 2006) , where confidence in one's ability to complete diabetes-management tasks in the face of difficulties should be evident in behavioral aspects of diabetes management. These results point to self-efficacy as an important benefit associated with a high quality parent-adolescent relationship, a factor that may be especially crucial for young adolescents who are beginning to manage their diabetes more independently from their parents. The importance of self-efficacy in mediating the role of positive parental involvement on other health risk behaviors such as drug use (Watkins et al., 2006) suggests that self-efficacy may be important not only across adolescence but beyond in emerging adulthood.
Greater parental monitoring was important in understanding better adherence (for both mothers' and fathers' models) and metabolic control (indirectly through adherence for mothers' model, directly for fathers' model), consistent with work that identifies monitoring as a key component to parental involvement in diabetes care (Berg et al., 2008; Ellis et al., 2007) . Previous work suggested that monitoring had beneficial effects on metabolic control by reducing externalizing behaviors, but this indirect effect was not found in this study (Horton et al., 2009) . We interpret these different results as largely reflecting the substantial link between relationship quality and monitoring. Thus, the unique contribution of monitoring to diabetes management appears quite different when other related aspects of parental involvement are controlled.
From the models tested here, it appears that we do not yet fully understand how monitoring may be beneficial for diabetes management, as no indirect path existed between monitoring and adherence via externalizing or internalizing behaviors or self-efficacy. The more direct paths from monitoring to adherence and metabolic control may involve parents setting limits when adherence is poor, and for fathers this may particularly occur when metabolic control is poor.
The models for young adolescents' perceptions of mothers' and fathers' involvement were quite similar, with the primary differences being the direct effects of fathers' monitoring on HbA1c and the lack of association between adherence and HbA1c in fathers' model. These results add to the growing literature on the importance of fathers' involvement (Berg et al., 2008; Gavin & Wysocki, 2006) and indicate that the process whereby their involvement has beneficial effects is quite similar to that for mothers' involvement. The quality of young adolescents' relationships with mothers and with fathers had associations with adherence and HbA1c through lowering externalizing behaviors and bolstering self-efficacy. One of the differences between the models for mothers and fathers was the lack of a significant relationship between adherence and HbA1c in the father model. We view this result as arising largely from the inclusion of other pathways in the model, most likely reflecting the direct effect of monitoring on HbA1c in the father model. The zero-order correlation between adherence and HbA1c in our sample is similar to other findings in the literature (Weinger, Welch, Butler, & LaGreca, 2005) .
Contrary to expectations, fathers' behavioral involvement (assistance with diabetes care behaviors) was associated with poorer self-efficacy and adherence and mothers' behavioral involvement was associated with more internalizing behaviors. Because this study was cross-sectional, these results may reflect that low self-efficacy may lead to greater fathers' behavioral involvement and internalizing behaviors may elicit mothers' greater behavior involvement. The negative associations between behavioral involvement and self-efficacy, adherence, and internalizing behaviors may also have resulted from the positive associations between behavioral involvement and both relationship quality and monitoring, such that the benefits typically associated with behavioral involvement (Anderson et al., 1997) were captured by related aspects of parental involvement. Once relationship quality and monitoring were controlled, what was left in the measurement of behavioral involvement may have been ways that parents were involved in an intrusive manner-involved without the adolescent requesting assistance and thereby conflicting with the autonomy needs of the adolescent (Pomerantz & Eaton, 2001) . However, this interpretation should be viewed with caution as our measure of behavioral involvement was different from other measures, such as the Diabetes Responsibility Scale (Palmer et al., 2009) or the Diabetes Family Responsibility Questionnaire (Anderson et al., 1990) , which could account for the different results.
The results should be interpreted in the context of some limitations. First, the cross-sectional nature of our data precludes us from making strong mediational conclusions; we cannot establish temporal precedence as our measures were all gathered at one point in time. However, our ongoing longitudinal analyses are consistent with the mediational role of self-efficacy (King, Berg, Butler, & Wiebe, 2010) . Second, our results are limited to adolescents' reports of mothers' and fathers' involvement. Parents did not report on all aspects of parental involvement, prohibiting us from including their reports in our modeling. Third, our results are restricted to the metrics of parental involvement and the mediators that were measured. Other metrics of parental involvement such as psychological control may have been mediated through internalizing behaviors (Butler, Skinner, Gelfand, Berg, & Wiebe, 2007) . Furthermore, additional mediational processes that could be examined include how adolescents navigate their peer environment (Drew, Wiebe, & Berg, 2010) or solve diabetes problems when they occur (Wysocki et al., 2008) , among others. Finally, our results are restricted in generalizability as our sample of families included predominantly intact white, English-speaking, middle-class participants.
The results add to a growing body of literature linking parental involvement and diabetes outcomes during adolescence by measuring multiple facets of parental involvement and examining the process whereby these facets of parental involvement may be beneficial. This more multi-faceted approach to parental involvement may assist in unraveling what are the critical aspects of parental involvement to guide interventions in families with type 1 diabetes (Drotar, 2006) and to select key mediating mechanisms of these interventions. The current study indicates that during young adolescence a high-quality parent-adolescent relationship is key, including the adolescent feeling accepted by parents. Improving this aspect of parent-child relationships is one component among many in interventions such as the Behavioral Family Systems Therapy (Wysocki et al., 2006) and Family Focused Teamwork Intervention (Laffel et al., 2003) , which have resulted in improvements in diabetes outcomes. Interventions targeting this aspect of parental involvement are best accomplished early in development when attachment relationships are formed (Berlin, Zeanah, & Lieberman, 2008) . Our work also indicated that interventions should include fathers as their monitoring has additional effects on HbA1c. The inclusion of multiple facets of parental involvement will allow the field to understand better the interrelated nature of parental involvement and their unique contributions in understanding diabetes management outcomes.
